
condensation. This fullv explains the greater rise of 
" potential temperlitmure " in the lower strtbta. 

Air passing horizontally near the surface is gaining heat 
when going toward the Ec uator. This is natural enouoli, 
for a north wind is natura h y cold and is being warinedxy 
its surroundings. 

The most interesting case is that of the horizontal 
passage of air north and south at  grcat height,s. The 
teniperatures above 17 kilometers at  the Equator must 
be accepted with great reservation, since observations 
are very scarce, but from about 13 to 17 kilometers tlie 
equatorial poteiitial temperatures are certainly n1uc.h 
below the others. The ressures are greater also, so 

flow is toward the north the air is gaining heat and it 
seems to me that from its situation it ought to be doing 
so. It is very cold and therefore is not itself radiating 
much either upward or downward, and it has 
through it outward the whole radiant energy \v iich is 
being sent outward b t,he earth and by the four-fifths of 
the atmosphere whici  lie below it, a,nd iriuch of which is 
at  a far higher tenipernture. I t  is lilielv to be a long 
time before any direct observations can sficiw which way 
the drift is, for a very slow niotion will suffice to esphin 
the low actual temperatures over the Equat,or. The gen- 
eral niotion is from the west, tind it  is a uestion whether 

degrees north or n few degrees south of west. The 
ascending current over the &quator is certainly slow, a 
hundred feet a day, perhaps, or something of that sort; 
otherwise the teniperature gradient would be steeper; 
and the air carried u by so feeble a draft could readily 

as precise observations of the upper winds its we have of 
the surface winds. 

Reverting to the actud teniperatures, it is ncltewortrh 
how sindar the t.empernture gradient is in the t,\w local 
ities. It begins at  about 5°C'. pcr hi: ,  then after the 
cloud level, escludiii cirrus, is passed it increases to 7' 

This point is hi&r the lower the lntitude. Observatioiis 
from all parts of the world show the same tciidency, es- 
cept that where the surface temperature is verg low 
the gradient in the lower strata is absent or reversed. 

It scenis to nie likely that this special form of gradient 
is a sort of coiiiproiiiise between two op osite tendencies. 

, the adiabntic g d i c i i t  would prevail throughout, for 
ui! t e mixing will niake equal potentid tenipernt,ures, just 
as stirring t.he mater in a bath mskcs B uniforin tenipera- 
ture. Xow, the winds, however they i i i : ~ ~  be caused, 
must do n certain aniouiit of mising :md lielice iiiust 
raise the bottoin tenipernture nncl lower the top : niid 
unless there were suniething else t80 rwersc' the result the 

roccss would uo on unt.il the wa.client were :uliiLbatic. 
gu t  radiation c ~ e c k s  the result, P believe, for in opiii- 
ion tlie tendency of radiation is tow-srd :i uniforiri t.e:ii- 
perature or to x sniall gradient. l'lie nrgunients seciiis 
clear that the n-vincls done must n-lake a a  ndinlxitic gra- 
dient,, s h e  they do not do so soniething iiiust interfere 
with the process 2nd that soniething can be nothing else 
save radiation. I t  is significant,, too, that olservat,ion 
shows that the wind falIs off rapidly at  or about the point 
where tlie temperature gradient ceases. 

The statement preyiously inaide that upper-air tern er- 
atures depend on the pressure distribution rather t ian 
on radiation is based on the following facts. So iiiaiiy 
observations have been made over Europe, ranging from 

The converse also holds. 

that the flow of nir shoul L7 be toward the north. If tlie 

yassilla 

on the balance over the whole zone thc 1 irection is a few 

escape north and sout f 1 without detectioii, even if me had 

or 8' per k~ii., u to b F ie x in t  at  which it stops altogetlier. 

I t  is obvious that if t,he nir coulcl be t 7 iorouglily inisecl 
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Pa.via in the south to Petrograd in the north and froni 
Irelalid in the west to Russia in the east, that we have 
quitc? a good knowledge of the conditions both in summer 
and winter and in tinies of cyclonic and of anticy- 
clonic. weather. Oyer the British Isles solar radiation m 
suiiiiiier is about three times as great as in winter and 
the temperature of the air up bo 10 kdonieters is in eneral 
12'C. (21°B'.) wanner. Noth~it.hst.ancliii~ this, for the 
purpose of knowing the most likely temperature of the 
u per air, it  is nwre iiii ortaiit t.0 h o w  the height of 

after the first kilometer or two is passed the air in a well- 
marked cyclone will be colder insumnier at from 3 to 7 
kilometers than it is at  the same height in winter in anti- 
cyc*loiiic wcatlillcr: and above 13 liilonieters the converse 
will hold. The same rule holds for Euro ,e generally, but 
cy-clonic conditions there are much less I recluent. More- 
over, it, is not the pressure a t  sea level that. is in1 ortant, 
but the pressure at! about S or 9 kilometers. d i e  tem- 
pera turcs both above and below follow the variations 
of mssiire tit 9 kilonieters with the utmost precision, 

gi-ien it, would be easlcr to draw a chart of temperatures 
at  5 or, to IX less esteiit, a t  15 kilometers than it is to draw 
n chart of wind forces and directions from isobsrs on an 
ordinary chnrt. The ressure at  about that height seems 

t P ie barometer thnn to r aiow the tinie of the year, for 

aiic t if ti chart showing pressures at  9 kilometers could be 

t:o doiiiiiate all tlie ot P icr elcments. 

FORECASTING TIIUNDE R STORM S 

By GABRIEL GUILBERT. 
[Dated Aug. 3, IOlZ] 

1. Wireless telegraph installations are known to pos- 
sess the curious property of recording [indicating] the 
electrical iiianifestations produced in their neighborhood 
and even t i t  wry great distances. 

Thus, on Milrch 4, 1 ~ 1 3 ,  .z foriiiiclnble thunderstorm 
accoiiipaiiied by tronibes clesceiitled upon Calvados 
[DCpiwtment Caen] nt about lgh mid a meteorolo ist of 
the Lyon observatory, M. Flajoolet, simultaneous P y ob- 
served his wireless apparatus to record powerful distttnt 

It \ns but, n st,ep from this observat,ion t.o the thought 
that it \.;oulcl be possiblc to :miounce for a given point, 
the approach of a clist,mt tliuiiderst,orm indicated by the 
wireless outii t., and physicists mcli as M. Turpain of Poi- 
tieiv hare nt,t.empt.ed these predictions. 

So far it, l i : ~  not! been possible, uilfortunntely, to fore- 
c u t  the clireckiou of t,hese distmit thunde1storms. Thus, 
in the ci~se of t,lit? squtdl of March 4, 1912, the apparatus 
a t  Lyon did hirleecl record t,he esistence of a storm, but 
coiiltl not iiidicatc whet'lier or no t,he storin was approach- 
ing t,lie ohscrvat,or-y. X S  a niut,ter of fact it  was traveling 
towiril t.hc KNE. p r t  of France iincl was nioving away 
from lJyo~i. The wireless tdegraph reniailied and wib 
reniaiii iiiuic?, powerless, on t.liis esseiitinl point as well as 
on t.he speid of t,lie storm. 

Cert.ain squdly clou~ls are indeed either very slow mov- 
ing or very rapid; they mny move a t  the rate of 20 or of 
101) km-hr. ; wireless telegraphy knows nothing as to that 
and ciin not know anythmg. 
On the ot,her hand, certain meteorologists believe that 

they can notice that the wireless apparatus also reach to 
phenomena quite other than trhunderstorins ; there is thus 

phl~liolllena. 

I Traiielatrd / m u  Associstion Frmcaise pour I'avaneement des sciences, Compte rendu, 
41- sass., Nhs, lQl2. (PIUS. 1913), p. 296-304.4. L, Jr 
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some uncertainty as to the significance of the indications 
of the apparatus. Fi i idy,  the wireless can not announce 
the passa e of thunders ualls ,ii.ot yet in wistenct, e. g. 24 

raging in some undeterniined direction, a direction all 
the more indeberminate because several t.hunderstorrn 
centers (centres orageux) may exist siniult,aneously and 
either Po the north or to t,he sout,h of t.he station at some 
u~ik~iowii distance. 

2. So it is t,hat if one wishes to predict’ the squall not. 
merely some houis in adni:ice, but even in t,he evenine 
for the morrow, it is necessary t.o resort t.0 the rat.ion3 
study of isobaric charts, of baroinet,ric depressions, of 
squah lines or zones,Z niid t.0 sup ~Iemeiit these by a nie- 

3. Thus n lw~j~s ,  whatever niethod one may choose, t.he 
forecasting of thunderstorms for any given locality d l  
always be very deceptive. Failures ~ 1 1  be frequent for 
the simple reason that t,he thunderstorin takes place in 
c.louds of 1iiiiit.erl extent, xhich therefore most frequent.ly 
visit but n sniall number of points in t,he region under 
Consideration. On the ot.lier hand the failures will be 
very rare if one pdmit,s t.liat the passage of a. sifi@e thuii- 
derstoriii a t  a siiigle place iii the designated reglon is a 
sufficient justification for the forecast ‘ * Thundeis t.ornis.” 

4. The majority of meteorologists group t,liundeist,orm3 
into t.i.\ro principal classes : The t.hunderst,orius acconi- 
panyiiig a depression, and local t.liuiiclerst.orins : or even 
uito 1vint.er t,hundeist.orms ax1 heat thunderstorms. To 
the writer these dist,inctions seein hut litt,le just.iiiec1 and 
even arbitrary. Thuiidemt.or1ns that, accompany, in 
effect, t,he depressions of wint.er or of suninier are sonie- 
tinies very l o c d  wliile in other cases t,liundcrstorms pur- 
sue very long courses without! any accompanying sensible. 
depression. Therefore t.his classification is defect iw,  8s 
for t.he so-called heat thuderstornis, or t,liose whose 
princ.ipa1 cause is supposed to be a wry  high t,emperature, 
their relation to the temperature is not a t  dl proTed. 
[A] The warmest days oft,en fail to briiig about any 

electric nianifestation at all. and t,he warniest niont,lis u k  
those most free from thunderstornls, as we haye shov~ii.3 
The iianie L’local t,hur;deistorni” n-odd therefore appear 
to be more correct. Yet another dFsignatioii is current. 
“the tliundersc~uall” (l’orage de gram). In its rcrlntioiis 
to barometric depressions t.liis is n cj-clonic thuider- 
storm in whit,?, t i  depressioiiary t.liu!icleistorm (.orage 
d6pressionaire) in sumiiier, and iicver a beat thunder- 
s t o m .  

5. If the thunderstorm produced only liglit,ning or 
thunder, it  would be of only relative importance, but it 
may bring along a whole series of redouhtnhle Idle- 
nomeiin. I ts  precliction calls out the possibility of wind 
blasts as sudden as thep arc violent, torrential rains and 
floocls, disastrous hail f dls, whirlwinds or t.ornadoes of 
frightful force. These catmtroplies are possible ut ally 
time of year. Hail or whirlwinds mar occur whatever 
the temperature. No doubt one notices hail )nrticularlyv 

damage to vegetation, hut hail falls at  all seasons of the  
year. 

The forecasting of thunderstorms implies tho forecast- 
ing of all these phenomena, which are the possible COIL- 
sequences of magnetic manifestations. As a matter of 
fact, however, these accrssory phenomena are rare. The 
violence of the wind is not often dangerous. Among 10 

hours be P ore they deve 5 op, or .even of thunderst,orms 

t h o d i d  esainiiiation of t.he clou d s. 

during the summer because it then causes tis \ greatest 

--- 
2 Theso terms were defined ancI.illustrated in this REVIEW, JW, 1909,87: 237-39.- 

a sot the ras~ lor the United States of America. See AZezandw in the. REVIEW, July, 
C. A Jr 

1915,4%’32g940; and Lyman in thls REVIEW, December, 1015.4. A.,Jr. 

tliunclerstorms there is scarcely one that brings a fall of 
hail :  among a thousand there is perhaps one whirlwind. 
To be sure, these ratios vary according to the re ions 
and even according to the ohscrratories. They wo 9 d be 
considerably hei hteiied if one compitred the number of 

number of zenithal thunclerst,onns but with the number 
of days of thunderstorins recordccl in a more or less ex- 
tensive rrgion such as a “DQpartment.” Then one would 
fiiid hid falls ome in 5 and whirlwinds once in 100 cases. 

6. We are not here conceiiied with statistics, however, 
for lit the present time it is not, possible to forecnst either 
hail fnlls or tomadoes. We are siniply able to predict 
the thunderstorni, or rather the passnge of squallv clouds 
liable to be the seat, at  one point or another, of electric 
manifestations and also the mcessory henomena such 
as hail! wind squalls, or tornadoes. d e  thundcrstonn 
brings them all in its tmiii; it iiiny produce them simul- 
t,aiieous~v or fnil to give any of then1 espression. There 
is, therefore, complete uncrrtitinty as to the atmospheric 
dist.urhanctes that mag acconipmy the thunderstorm 

7. Some secoiiclitry phenomena arc always regularly 
observed, without esception, in tliunderstorms. 

In  the h t  place thew is a change in the wind, both as 
to direction :ind to  velocity. For c‘saniple, the mind 
cl-innges from S. to IT., rcturiiiiig to SIT., aiid from being 
weak it  lwconies strong, onlv to meiiken anew. The 
barometer is usunll~- ‘Low, rises husqurlp, soon to become 
stnt,ionary, then f d s  agrtin. Tho temperature drops 
notably, vvhile thc hygrometric condition rises. As is 
well known, tnliesc characteristic vnriations have. been ex- 
tensively studied by Durand-Gr6villc, author of “Loi des 
gains ” (Law of Scpdls).  er 
the principal henomenon; it is the n.ccessorv and ”gh t e 

t,he tliuiidei-stoliii and, even in tlic e\,9t;nc.c of the latter, 
products tlic varintioiis in wind, prcssurc, temperature, 
nt.n:osplieric humidity, cloudiness. 

Even t.liough these pheiioniena affect diverse forms 
nnd clerc?lop succ.essivoly, the scludl ne~ertheJess exists. 
M. I>urnnd-GrBrille has horu est,nbhheil, from a very 
large number of obscwations, nii undoubted ensemble of 
features w1lir.h in nip opinion permit the differen tiation 
of thc principal baromet.ric. depression, of the secondary 
de ression, and of the sqzicdZ, whose esistonce is undem- nbpL.. ~ r o n i  tile prescnt, point of view, Iiowever, i. e., the 
forecasting of the thundeistorni, the study of the s uall 
is scconchry. [ B] According to Durund-Gr6ville ?&I- 
self, the s q u d  (grain) is not the ac.tual cause; it is not 
able to produce the thuiiderst>oiiii escept under the con- 
cliticms where it nicets with cumulus liaving very lofty 
suii1niit.s. So that lacking this cuniulus the squalls or 
the s u d  zones can not produce the, thyiderstom. 
Then!?ore the atmosplieiic phenomena constituting the 
squtJ1 (grain) can not seme to forecast nonesistant thun- 
derst.olins, and d tho less to forecast thundeistoms for 
tie. nest day. F.urt.lieiiiiore, the squall, like dl cyclones 
and dcpressions, may have but an epliemcral emstence. 
I t  may develop or i t  may diminish ?id disappear after 
having traversed a mose or less estenslw? path. I t  would 
be venturesome to coiiclude, from its presence at one 

YP point, that a squall would 
afkr a given time, and all t P ie more so since its spee of 
translation is unknown. 

A a h ,  the tliundeiutorni is not hound solely to the 
s q u s  line or the s u a ~  zone. It may develop even at 
the center of the cyc 1 onic whirl; each thunde1stom cloud 
may be the center of a vortical motion, and the paasage 

hail Falls or the 8 evclopnient of whirlwinds, not with the 

The t1iundwstoi-m is no lo 

conscyience o P a squall. It is tho squall that determines 

ass over sope other r 
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of every cyclone over any point produces e.uact,!y tlie same 
phenomena that one would esclusively ntkr1but.e to a 
squall. With or without a thunderstorm one would note 
a sudden and sometimes overwhelming iiwrease in the 
wind velocity and its direction; the sudden rise in the 
barometer: the equally sudden fall in temperature; the 
corresponding risa in the hygrometric state and in the 
cloudiness. 

All these phenomena niay bo observcd, .with appro- 
priately deweased intensity, out to a considcrable dis- 
tance troin the cyclonic cent.er, without i t  being. neces- 
sary to call in a squall linc. One must therefore conclude 
that the cyclone of vast estent, the dqxrcssion or saidl- 
scale cyclone, and the spiral1 (gram) or Vet more limited 
atmospheric whirl, and fven the impedec. t z~oi%icul wuve 
are distinct phenomena ident.ical in nature and t-lierefore 
able to produce ident.ical perturbations. 

8. Thus M. Durand-GrBville has very truly stated that 
a thunderstorm can not develop unless, previous t.o any 
barometric condition, there mist a grcnt c i ! i i t : d m  with 
very Zofty niinwds. I am wholly of his opinion. The 
presence not of cumulus but of cii~ro-nimhrs is tho 
essential condition for the tliunclcrst,orm, snc l  i t  is tlicre- 
fore quite logical to makc the forecasting of thunder- 
storm clouds the fundamental basis of tliuncleistoiiii 
forecnsting. 

9. If there is one fact that ought to att.ract tlie atten- 
tion of meteorologists, that is the similitude of cloud 
forms at all seasons of the year. Cirrus, cirro-cuniulus, alto- 
cumulus, and cumulus present tlie same aspocts on t,he 
most rigorous minter dtt 3 as on t l ~ e  warmest clap of 

strate that the formation of clouds is independent of the 
air temperature at  the earth’s surface. Clouds would 
accordingly develop in a cold atmosphera, so cold, in fact, 
that in my opinion they would never produce rain, but 
always snow. Furthennore, the thunderstoiin clouds, 
which obey the same law and present characterkdic foiiiis 
at all seasons, are of tlie upper clouds, composed of ice 
crystals or of snow, and which we designate for that 
reason cirro-ni.m.biss. 

This cirro-nimbus alwtiys foiiix n part of the company 
of clouds that we call the “ cloud succession” (succossion 
nuageuse) and which comprises the cii-rua, cimo-cuniulus, 
ciwo-s tra tus, nlt 0-cu 111 u lu s , ancl finally tlie cirr o-nunhu s . 
Lacking the rrescnce of thesc latter clouds, it! must. he 
stated us H principle thnt any t~limiderstonn is impossible, 
that it will never burst fort,li in the cirro-stratus or in t,hp 
cumulus whatever be their cstmit,. Evon iiiore, wha t,cver 
be the barometric depression, the squall zone, the visihL 
clouds, the temperature, if cirro-niinbus cnn not esist thc 
thunderstorm is impossible. 
On the other hand, if the “cloiid succession” calls for 

summer. A priori, a siilli I) ar obseirat.ion, seems to demon- 

arrival or passage of the cirro-nimbus. 
This revision is all the more possible since the thunder- 

always preceded by tlic cirrus, the cirro-cuniulu~, the 
storm c !i oud is the last in tlie“‘c1oud succession.” It is 

‘,Annualre de la Soci6td m6t4odogique de Francc, awU, 1ssO. 

alto-cumulus. Thus it does not arrive unheralded, does 
not spring into being without any notice in advance, it 
does not burst forth in the bosoiii of a cumulus clue to  
high temperature nor in an atmosphere appropriately 
pre ai~C2. 

&e of the most convincing proofs of this statement is 
to be found in the observation of the speed of the first 
clouds of the “ cloud succession.” If t.hc c.irrus is driven 
nt great velocity, the cirro-ninhia which should follow it 
will also have a rapid inovenient J if the preliminary &TUS 
moves slowly, the thunderstorm clouds in their turn 
advance niore slowly. This relat.ioii between the veloci- 
ties of successive cloud classes, and which endures a num- 
ber of days, escludes all idea of a local foimat,ion. 

10. As the pliin of this study does not permit of re- 
viewing all the cases of apeeincnt or disagreement be- 
tween different clouds and the depressions, we shall con- 
fine ourselves to the cirro-iiinibus in its seasonal relations 
to the thunderstorm. 

* * * * * 
11. In general, showers (averse;) or rains of short durn- 

t.ion, which are of ten nbundaiit ancl sonietinies torrential, 
are due to  tlie passage of tlie cirro-nimbus. Therefore 
all forecasts of showers iniply t,he forecast of thunder- 
storm phenomena; therefore one should predict, not 
‘ I  showers,” but thunderstorm showers. [C] Also, there- 
fore, the forecast of thunderstorm showers is synonymous 
with tho forecast of squdls. In  fact, in the mariner’s 
language the s unll is nothing niore thnn the passage 

This cloud unchains violent wind gusts, obligin tze 
niarinrr to reef his sails, and ere11 to furl them. %hen 
the shower is over, the weather changes to fine a ain 
and the wind, which is then almost ttlways between 8 W. 
and KW. or N., diminishes its force until the return of 
another cirro-cumulus prorokes aiio ther squall, i. e., a 
rcnewetl gust accompanied by sensible changes in wind 
direcation and of ten baronietric oscillations also. 

Thus till showers tire due to squalls? and it is in these 
sc unlls t1ia.t occur most of thc winter thunderstornis, 

Wc pro >ose :is a thwis, t7mt u,ll ,ur i i i tw  sfomis are ac- 
compttniec/ by t,liundorstoriiis. llius the stron er the 
dcprcssion during tlic cold scmon (November to % Itircli) 
t,lie better t,iie chanct. of succcss for the thunderst,orm 
forcccwt. ‘I?lesr cj-clonic tliundtmtorms arise most Ire- 
clucnntly wlicre the wind c.httngc*s from s. to IT.? or from 
SW. tu NW. They cliirfly visit, the regions neighboring 
the s w .  [Conditions of wcsti.rii Europe.] 

12. Mttrdi, which closcs the cold setison, is the month 
par csccllrnce of the hail sliowcr (giboulhc). These 
s h i n v ~ ~ s ,  with their gcnwous hnil falls, arc of ten thun- 
dc.istmmy. They belong t.0 t.he cyclonic r6ginic : The 
drcpcr the de mssii)ii, the more nu~nerous ive the thun- 

niicl in the rettr of the ccntcr. 
13. From the thundeivtorni point of view, the summer 

may bt! siticl to bcgin with April and to close with the 
autumnal cquinos. 

While during the winter tlie thunderstorm shower 
rarely appears other than in the rear of the de ressions, 
the suninier tliuiideistorm may occuppy even t Yl e center 
of the cyclonic whirl. In  winter the wind and the thun- 
derstorm follow the same direction, within a few degrees- 
but in sununer the thunderstorm moves against the wind 
or makes more or less of an angle with the latter. In 
winter the thunderstorm always accompanies or follows 

across the zenit 4 i of a cloud with showers in a clear sk . 

w I iich gcnerally consist of a few isolatcd peiils of tliunder. 

derstornis wit 1 iiii tlic clitngerous scniicirclc of tlie cyclone, 
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very closely aftcr a violent cyclone; but in summer the 
weakest depression may produce a thunderstorm. 

* * * * * 
14. It is soniewliat easy to forccust thundeistorms 

when the summer depressions appear over the southern 
regions of Frnnce; but it is much mort! difficult, d ie i i  t i  
depression, ovcr the Gulf of Gascony for csmiplc, sutl- 
denly disci pears. 

Althougi the pressure niay be higher to the north, e.  g., 
770 mm. at Dunkirk, 765 at Mans, 760 at 13i:writq thew 
is no cyclonic center. Under such circunistaiiccs thc 
“cloud sizcccssion ” aloiic. furnislws a basis €or a forecast. 
In fact, i t  is scarc~ly admissible t h n t  n drprcssion should 
a pear without a cloud accompaniment. If, in spitc of 
t { c barometric rise, tho cirrus, cirro-cuniulus, alto- 
cumulus appear in rrgiilnr succession, in the s~nic? dirw- 
tion froiu southcrly points iiorthwarcl, and in spite of 
easterly winds, tlicii it is infinitcly p ~ ~ b ~ b l e .  t1in.t the 
cirro-iiinibus will foI!or; t1imi in its tuni. Thwrforc, 
even after the drpressioii hos disappeared, CT-CW in thc 
case of a barometric rise (sl,i,ght to he sure), even in tlie 
ahsciice of the. ‘‘sc~ii:ill miic or of V-shaped isob~~rs, yrt 
the csisteiice of L ‘‘cloud suct:wsion!’ wcdil sufficc t-o 
foretell the tBuderstorni. ‘l’his cainu in the too- 
f ainous tliuutlerstorms of July 29, l S92, June 6, 1004, 
Julv 4, 1005, June 30, lOOS, etc!., all of which w m  chnrnc- 
terized by an estrnordinary vlol:~nct? in spit.t‘ of the 
absence of sensible t:lc.pressioiis and even in tlic face of 
high ressures with rising . pivssures. In fact tliesc 
esamJes justify ciiw in setting up t ~ i r  timis taliat t7;c 
intensity ?f ebac+ic p l i t~ , io tncncl  r w ) w s r s  wifh .  the .vis(. .f 
tha yrcsswa. A t.hiinclcist,cii.~~i occurring in the sumnier 
with t,he baronict.cr nhou t. X . 3  111111. will finuw inore 
ravaaes by rain, l i d ,  or 11gIitniiig t,liti.n if thct prrssurt? 
had h l e n  to 755 or thercrht~uts. 

15. [U] There is no o c c ~ s i ~ ~ i i  to introduce here hypo- 
the tic a1 phenomen a which, nioreciver, 11 i) not clniiions t.ra t.e 
anything: Such as the rapid descent of a sheet of air to 
the ground, or the preeipit,atioii of cirrus upon subjacent 
cuniulus. The most at3t,ent,ive observnt,ioii does not. 
reveal anv clisturhance CJf this nature. The cooling fre- 

uently observed after the t.lmnclerstorni is ofton due to 
%e c.1iange in the direction of the wincl. n cyclonic. plic- 
nomenon, and also t.0 t,ho sudden melt.ing of a yodlgious 
quantity of ice or snow cryst&. ‘I‘he consit eration of 
the vort.ical character of tho squl2.l C J ~ ~ W S  a w r y  siniple 
esplanntion of the baromc t,ric vnriations :in11 tiic fall in 
teniperature as well as of the increase in cloudiness. 

16. JVliile the depressions of Gascon>- and tlw sumiiier 
* ‘cloud successioii” of the south of E’mnce are t.Iw greatest, 
sources of t.liunderstoriiis for almost tlie whole of Eraiice, 
there is yet another wry rc?iiiarknble thundostorni forinn- 
tion, viz, t . 1 ~  arrir-nl of Saharan depressions upon the coast 
of Provence. ils sooil ~ L S  n cyclonic center persists in 
that region, wit.h cirrus and then cirro-cumulus from the 
SE. changing to E., WB have to expect thundcrstornis be- 
tween the SX. and NE. throughout France accompanying 
winds from the enst as well as from the 

* * * * * 
17. To sum up, all thunderstorm forecasts should ,be 

bascd u on a simult.aneous study of the barometric situa- 

baric map shoulcl lead to a forecast of the future pressure 
distribution, of tile forniation of depressions, and of squall 
zones for the next day. The study of the cloud succession 

tion anc P of the cloud successions. The study of tlie iso- 

ou h t  to show whether or not cirro-nimbus should develop 
an % also whether or not it will coincide with the depres- 
sion centers on the morrow. The clouds indicate, better 
than do tho depressions, the direction and s eed of to- 
inorrow’s espected thunderstorm. On the fay  itself a 
stataim can cleterniinc this speed and direction only shortly 
before the arrival of the storiii. [E] The consideration 
of the scluall zone is insufihmt, for its trajectory is inde- 
terniinant while the t1iunderst.orm pursues a straight-line 
course, or a t  most a curve of very large radius, which 
neither t.he topography nor tidal movements nor even 
Clie manifold directions of the surface winds can deflect. 
Hail-fdls and p a t h  of destmction by tornadoes always 
mdce straight Zincs, which confirms these conclusions 
h s e d  on direct observutions. Successive tliunderstorms, 
~ v e n  though each orrupy the center of a slimhtly whirlin 
inorenlent ]inring v a r i n ~ s  wiiins in a11 $roc tions an 
wit,li tlie lower cloutls from nn opposi tc direction, never- 
thdess ndv:tnce in the direction iiidicat,ed 24 to.48 houn 
previously By the upper clouds.. 

The t.liunclci.storni, the cirm-n.j.?nl)ii.s, thus exist only in 
tho higher lweh, so that i t  is not possible to have any 
nieniis of iafluonciiig ci tlior their direction or their effect. 
And yet the thunderstorin is of very limited duration, at  
most i t  niny last 34 hours, generally a few hours suffice to 
esliaus t it. 

Pcrhaps t,he progressive dcsceiit of the upper clouds is 
a cause C J f  it.s destruction. One has thus ohserved esten- 
sivc t~hunderstonn clouds moving from S. to N. with 
lightning and thunder, dissipat.ing, dissolring, even dis- 
appearing. with more or less oherrable delay, under the 
action of very dry winds from the N. or NE. The thun- 
derstoriii cloud subsists in the soutlierly current, but very 
probably experiences an evaporation as it attains the 
nort,herly current. Tho thunderstorm ceases while the 
t.linndera torm cloud steadily fades away. 

d 

COmENTS BY DURAND-GRBVILLE. 

[The forepin% paper by 31. Guilb& called nut thz fnllowing com- 
iuenbv bp M. Duran~I-Gr~$i~ille.~ wh1-w &dies in thunder3torms, 
equnlh, and hzil have alreadv been nfhcerl here (1909. 37: 237439). 
Rdwenres are t , ~  the psw$:ca rnirkerl by cnrrespmding letters in 
M. Guilbert’s paper.--c. A., 1r.j 

In ri menioire. “On the fo recdng  of thunderstorms,” 
p ldkhed  in t h  volume, M. Guilhert puts forward his 
own ic1c.l.s and rejcc.ts somr? of mine, which he hns H per- 
fect right to do: biit he ststes my views in such n sum- 
ni7r ’ nncl frc~gmont:q- mn~iiier th i t  tshe unwmied reider 
niig r i t  not untlerstml ex:ict.l-y wh.it I hold in thi- connec- 
tion. The prment note dcsi less to present n funda- 

sent our precise opinion concerning certain of the points 
that he cliscus~es. 

nicntd discussion of our col fils c a p e ’ s  theory thin to pre- 

1. Guilbcrt says (A, p. 557): 
The wmnest days often fail tr, bring about any electric m~nifests- 

tion at 211, and the wermeot- rn3nth.r are t+xc most free from thunder- 
atarmq, as we hwe slixvn. The npm? local thunderstorm” would 
appear to be amre carrect (thzn thzt of heat thunderstorm). 

Dura.nd-Grkzrille.-The thunderstorm is an electric 
disruptive dischwge between the neg itive electricity of 
the earths surface and the positive electricity of the 
cirrus rpgion. The d i s c h q e  does not take placo unlesj 
a sufficient commuiiicntioti is estiblished between the 
two levels. This commuiiicntioii is realized every time 

6 The directlon of the thunderstorm cloud, cirro-nimbus. is often indqwnileot of the 
trajectory of the cyclonic centers artd of the squallu, therefore also Independent of the 
WJfaCe H’bl&.-AUTItOR. 
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1 Ylse 3u oint de qnelque3 obje-tions 8. notre th6orie de3 grains et de la grele. A i o c  . 
franc. pour Pavance. d. s i . ,  Compte rendu, dim4 sw., NIrnes, 1912, Nota3 et Memolnr 
(Park, 1913). p. 2S6-201. 


